Glutamate uptake and release by astrocytes are enhanced by Clostridium botulinum C3 protein.
Inhibition of Rho activity by Clostridium botulinum C3 transferase (C3bot) versatily changes functional properties of neural cells. Using cultivated mouse astrocytes, we show here that C3bot increases both uptake and secretion of glutamate. The enhanced glutamate uptake is initiated by an NFkappaB-dependent up-regulation of the glial glutamate transporter 1 that is efficaciously sorted to the plasma membrane. The increase in cytosolic glutamate concentration promotes vesicular glutamate storage in astrocytes treated with C3bot. Parallel to the increased storage, C3-induced impairment of Rho-dependent pathways strongly enhances Ca(2+)-dependent secretion of glutamate. This is accompanied by higher levels of the SNARE protein synaptobrevin. Synaptobrevin inactivation by botulinum neurotoxin D almost completely inhibits Ca(2+)-dependent glutamate secretion triggered by C3bot, indicating that the enhanced release of glutamate mainly originates from exocytosis. In addition, C3bot increases the exocytosis/endocytosis turnover, as analyzed by the stimulated accumulation of the fluorescent dye AM1-43. The release of glutamine, the main metabolite of glutamate, is only moderately affected by C3bot. In conclusion, inhibition of Rho-dependent pathways shifts astrocytes to a secretory active stage in which they may modulate neuronal excitability.